Self-efficacy has been related to student achievement, motivation and persistence. Self-efficacy beliefs, confidence in one's capabilities to complete the task, are intuitively related to task choices-why would we attempt something when we know we will be unsuccessful? Yet, selfefficacy is domain specific and requires measurement instruments which are situated in the domain.
Introduction
Self-efficacy, belief in one's capabilities to perform a given task, is instrumental in determining whether or not to pursue a given course of action [1] . Why would we attempt something when we know we will be unsuccessful? If students do not believe in their abilities to complete course activities or career expectations, it is unlikely they will make choices to try [2] . On the other hand, if students are confident in their abilities-having high self-efficacy-it reduces the obstacles to such choice.
Self-efficacy beliefs are intuitively restricted to domains of relevant activities [3] . Subsequently, scales for the assessment of self-efficacy need to be suited to each domain if they are to be meaningful and valid. Moreover, the development of assessment methods and instruments for engineering education was recognized as a key element to inform engineering education [4] . Instruments to assess engineering self-efficacy have been used to trace students' confidence for pursuing engineering and completing engineering coursework during undergraduate studies, for example [5] . And self-efficacy beliefs are a positive predictor of achievement and persistent [6] , giving added value to the development of these instruments.
Yet, the creation of research instruments requires rigorous development and testing and alignment with the intended purposes of the scale. "Collecting evidence to inform intended use should be ongoing" [7, p. 111] . Even when adapting the context of use of the instrument it is recommended to reassess the psychometric properties of the instrument to ensure it is functioning as expected and that the results are valid and reliable [8] .
The purpose of this research is to reassess the psychometric properties two self-efficacy scales in light of their recency and administration in a novel context. I provide an overview of the scales and extant evidence for their reliability and validity as reported by the developers. Next, I describe the new context and sample where the surveys were administered and objectives for the psychometric reanalysis. Finally, I report psychometric results of the study.
The General Engineering and Engineering Skills Self-Efficacy Scales
Mamaril [9] characterized existing engineering self-efficacy instruments as either 1) adaptations of general self-efficacy scale to the context of engineering, or 2) unique instruments targeted to a specific skill in engineering. While both are beneficial for understanding student perceptions, these two categories of instruments cover different levels of perception. Among the instruments she reviewed, many did not conform to recommended practices for self-efficacy scales or definitions of self-efficacy. The gap between recommendations on self-efficacy scale development-for example, Bandura [3] and Bong [10] -and existing engineering self-efficacy instruments and the need for coverage of general and skill specific engineering self-efficacy, motivated the development of the General Engineering Self-Efficacy Scale and the Engineering Skills Self-Efficacy Scale [9] , [11] . The scales were refined based on an administration with 728 undergraduate students, mostly male (75%) in the middle years of their studies.
The General Engineering Self-Efficacy Scale contains five questions related to students' confidence to complete their engineering coursework [11] . It was adapted from the Academic Achievement Scale [12] and targets general engineering perceptions. The items were unidimensional in EFA and CFA models (see Table I ). The final Engineering Skills SelfEfficacy Scale contains 12 questions related to three factors: experimentation, tinkering, and design [11] . Questions were adapted from various engineering skills related instruments [e.g., 13, 14] , and refined through factor analysis. The three factor solution was represented in EFA and fit well in CFA (see Table I ). All question are answered on a six-point scale for certainty students can perform a task (anchored completely uncertain to completely certain).
Self-efficacy scale scores were related to other motivational and achievement constructs. All scales were positively related to mastery goal orientation, intrinsic value, utility value, and intention to persist in engineering. General engineering self-efficacy was negatively related to perceived cost and tinkering self-efficacy was negatively related to academic achievement, both with a small effect size. With regard to predictive validity, general engineering self-efficacy predicted engineering core and major GPA even when accounting for other constructs. None of the self-efficacy scales predicted intention to persist beyond what was controlled for by other constructs. (For precise values, readers are referred to the original report in [11] .) These self-reported student perceptions sit among a milieu of other cognitive and affective factors which might influence students' persistence in engineering-what is notable, is that they seem to operate as would be expected, lending to the validity of interpreting these scores. The factor structure of the scales also contributes reasonable evidence for the utility of these selfefficacy scales to measure undergraduate student self-efficacy.
A Need for Further Validity Evidence
As part of a broader study investigating curricular changes in a 9 th grade technology and engineering course, the research team determined to measure engineering self-efficacy using the General Engineering and Engineering Skills Self-Efficacy Scales. The use of the scales in a highschool context deviates from the original development of the scales and requires that the scale properties be reevaluated. Mamaril, et al. [11] noted that "As [instructors and researchers use the scales] they should be sure to establish evidence for the validity of these measures specific to the context and purpose of their study" and "Further research should be conducted to validate these measures in other contexts and with other psychological and behavioral correlates." Here, I describe the methods of administering the self-efficacy scales to 9 th grade participants. Following the contextual overview, I describe goals for obtaining validity evidence of the scales.
Context and Participants
This research was situated in an introductory technology and engineering course called Foundations of Technology. Instructional materials and professional development for the course are offered by Engineering byDesign, part of the International Technology and Engineering Educators Association (ITEEA). The new lessons implemented a design-based activity which challenged students to research, fabricate, and test a robotic gripper made of silicone rubber. These lessons were taught in contrast to controlled sections of the course which used traditional wood or metal materials to fabricate the robotic grippers.
For pilot implementation of the lessons being investigated, seven high-school technology and engineering teachers in rural suburban Maryland schools participated in a daylong professional development and received the supplies needed for implementation with their classes. The Foundations of Technology students of each participating teacher were invited to participate in the study. An estimated 790 students were enrolled in the Foundations courses (each teacher taught multiple sections); 431 students returned consent to participate in the study. The gender ratio was roughly equal (53.05% female, 46.95% male). Following data cleaning processes based on [15] , such as removing missing responses and checking for outliers, 315 student responses were included in the final sample.
Measures
Participating students completed an online survey during class time, which consisted of the two self-efficacy scales [11] , the Situational Intrinsic Motivation Scale (SIMS, [16] ), and selected questions which measured students' intentions to persist in engineering. The SIMS asks students to rate 16 reasons for participation in class projects using a seven-point scale (Corresponds not at all to Corresponds exactly). The items cover four constructs of motivation with progressively self-determined sources: amotivation, external regulation, identified regulation, and intrinsic motivation [17] .
Two questions were also included to ascertain students' intentions to persist in engineering. "Do you think you might attend school or get a job in an engineering field?" (Yes or No), and "At the present time, how confident are you that you will be enrolled in an engineering program in the next 5 years?" (0, Not at all confident… to 3, I'm very confident...). These questions were taken from the High School Version of the Longitudinal Assessment of Engineering Self-Efficacy [18] .
Psychometric Objectives
With the purpose of this research being to investigate the psychometric properties of the selfefficacy instruments, given the high-school administration, data analysis was conducted to gather reliability and validity evidence for the self-efficacy scales. This evidence was purposely chosen to mirror the evidence originally reported in [11] . Data analysis was conducted using R version 3.4.2 [19] , the lavaan package [20] , the psych package [21] , and the semTools package [22] .
First, the instruments were reviewed for content validity evidence. Content validity evidence pertains to alignment between the wording of the items and what they purport to measure, as well as appropriateness of the content wording for use with the participants [23, p. 14-15].
Second, CFA was conducted for each of the scales independently. This procedure evaluates the underlying structural validity of the items and provides fit indices to help determine whether the hypothesized scale structure is appropriate [24] . For the General Engineering Self-Efficacy Scale the structure was expected to be unidimensional; for the Engineering Skills Self-Efficacy Scale the items were fit to three factors, one for each subscale, with no cross-loading factors. These models are based on the final scales recommended by [11] and are depicted in Figure 1 . When evaluating CFA results, an array of fit indices should be used and cutoffs are generally not recommended [25] . The fit indices used were chosen based on those reported in the original scale development work [11] and included the Satorra-Bentler χ 2 , RMSEA, CFI, and SRMR.
Third, reliability coefficients were calculated for each subscale. The appropriateness of each reliability coefficient is determined by the uniformity of factor loadings and whether the model has uncorrelated errors [24] , [26] . Based on the assumption that each scale could be congeneric, yet have varying loadings, coefficient omega is reported [22, 27] .
Finally, correlations between self-efficacy and both the motivational constructs and intentions to persist questions were measured. Mean scores for each subscale were used to calculate Pearson correlations. Because the persistence questions were not continuous, self-efficacy correlates with used the biserial correlation and polyserial correlation, respectively. Positive correlations with intrinsic motivation sources and intentions to persist would provide concurrent validity evidence for the self-efficacy scores.
Validity Evidence with Secondary Students

Content Validity Evidence
Precursory to administration with high school study participants, the survey questions were reviewed by a panel of technology and engineering professors, former secondary teachers, and an advisory board member from Engineering byDesign, the curriculum provider. The question text was found to be appropriate for use in secondary classrooms based on the interpretability of language used and the alignment with curriculum content.
Structural Evidence -General Engineering Self-Efficacy
The General Engineering Self-Efficacy Scale results demonstrate unidimensionality with homogenous factor loadings between 0.74 -0.89. All parameters estimated were significant. However, the model showed poor fit based on the RMSEA (0.27), despite moderate other fit indices CFI = 0.91 and SRMR = 0.04.
In response to model misfit, the general engineering self-efficacy structure was explored in EFA and by looking at the modification indices. A two factor solution in EFA revealed that the first two questions, related to mastering engineering materials, were loading together on a separate factor (the first item was cross-loaded to the same factor as the remaining items). The modification indices also suggested that the greatest improvement would come from correlating the error of these two questions. Two solutions are viable for substantially reducing model error (RMSEA < .09): Loadings and fit indices for both alternatives to the General Engineering Self-Efficacy Scale are reported in Table II . However, further analysis used the four-item scale.
Structural Evidence -Engineering Skills Self-Efficacy
The CFA model for the Engineering Skills Self-Efficacy Scale was multidimensional, as expected. Item loadings were all greater than 0.69 and significant. The correlations among engineering skills were also significant, ranging from 0.69 -0.80. Furthermore, the model demonstrated acceptable fit: χ 2 (51) = 97.21, p < 0.001, RMSEA = 0.09, CFI = 0.96, SRMR = 0.04. Modification indices were reviewed for potential ways to reduce error, however there were not any large expected parameter changes and the recommended changes did not theoretically align with the model. Loadings for the Engineering Skills Self-Efficacy Scale are reported in Table III .
Reliability Evidence
Using the scale structures obtained through CFA, the reliability of each scale was calculated. Assumptions of equivalent loadings were relaxed, invalidating the use of alpha reliability and necessitating the use of the omega reliability coefficient [27, 28] . The scales demonstrated strong reliability, all ω < 0.87 (see Table IV ). 
Concurrent Validity Evidence
Finally, the relationship between self-efficacy scores and motivation and intention to persist in engineering coursework was evaluated. Self-efficacy is theoretically related to these constructs, therefore, correlations were expected to be significant. All correlations were expected to be positive except the relationship to Amotivation and External Regulation (in the SIMS). Due to the extrinsic motivation source for Amotivation and External Regulation these two scales were expected to be negatively related to other mean scores. 
Conclusions
The purpose of this analysis was to reconsider validity and reliability evidence for the General Engineering Self-Efficacy Scale and Engineering Skills Self-Efficacy Scale. "The heart of validity is the extent to which stakeholders can justify the appropriateness of using an assessment instrument for a specific purpose" [7, p. 109] . Therefore, in light of the use of these scales in a larger investigation of curriculum efficacy and high-school student engineering perceptions-a new and younger sample than used in the instrument development-it was necessary to obtain further evidence of score validity and reliability. It is necessary to know that the scale scores are accurate in their measure of student self-efficacy and measuring the construct correctly among the climate of other perceptual outcomes.
With the exception of a structural difference, the validity and reliability evidence collected supports the use of these scales with high school students. The introductory course within which the self-efficacy scales were used represents a foundation for students' knowledge and perceptions in later high-school courses. Scores reported by students suggest they are interpreting the questions as expected, even in this early course. Also, despite students' nascent understanding of engineering, their scores nonetheless align with motivational theory and previous validity and reliability evidence for the scales. A single item, Item 2, on the General Engineering Self-Efficacy Scale interacted with other question contrary to what was expected. I recommend using the scale with the item eliminated or in a way that accounts for Item 2's relationship to other questions on the scale. These options for reconfiguration address the structural concerns raised and seem to permit the use of these scores in relation to other variables.
Although there is scale evidence for use with undergraduate students, and now secondary students, a limitation of this work is that these findings were done in isolation. A further opportunity would be to the trajectory of engineering self-efficacy as students navigate high school and undergraduate engineering experiences. Whether the self-efficacy scores are timeinvariant is also in question-engineering experiences may foster a deeper understanding of the concepts included in the scales, and subsequently modify student reporting. Nonetheless, these validity and reliability findings are promising for technology and engineering researchers and practitioners and extend the utility of the General Engineering Self-Efficacy and Engineering Skills Self-Efficacy Scales previously developed by Mamaril, et al. [11] .
